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PHOTOELECTRON FLUX IN THE TOPSIDE IONOSPHERE
MEASURED BY RETARDING POTENTIAL ANALYZERS

B. C. Narasinga Rao*x and J. L. Donley
- Laboratory for Space Sciences
NASA-Goddard Space Flight Center
Greenbelt, Maryland

The existence of energetic photoelectrons escaping from
the production level in the ionosphere and moving along the
geomagnetic field lines into the conjugate ionosphere is now
well recognized and some of their effects have already been
observed. Hanson (1963) first pointed out that a certain per-
centage of photoelectrons produced above the 300 km level would
escape the ionosphere and migrate to the conjugate ionosphere.
The effects of these nonlocal photoelectrons were observed by
Cole (1965) as predawn enhancement of 6300 A° airglow and by
Carlson (1966) as predawn increase in electron temperature.
The flux indicated by these measurements is of the order of
108/e1/cm2/sec. However, there does not seem to be any direct
measurement of the flux of these nonlocal photoelectrons. in
this note we report the preliminary measurements made of this
flux with retarding potential analyzers aboard the Explorer XXXI
and OGO-IV satellites.l

On Explorer XXXI”there are two retarding potential analyzers
operating as electron and ion traps to measure the temperature
and density of electrons and ions at the location of the satellite.

These sensors have also measured the photoelectron flux
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streaming along the geomagnetic field lines. A brief
description of these sensors 1is necessary to understand the
technique of these measurements. The electron trap consists

of a target electrode located behind an aperture grid assembly
mounted approximately flush with the spacecraft surface. A
staircase voltage which varied from -5 to +4 volts in four
seconds was applied to the aperture assembly. The collector is
biased at +25 volts to remove ion current. The ion trap con-
sists of three grids (Gl, G2 and G3) and a collector arranged

in planar parallel geometry. The G, aperture grid is mounted

1
in a guard ring flush with and insulated from satellite surface.
By ground command selection, this grid is either grounded or
receives a negative bias voltage of up to about -7 volts. The
Gzyretarding grid receives a sweep voltage from 0 to +6.3 volts
in one second. The G3 suppressor grid is biased at -~-15 volts
to exclude ambient thermal electrons from the collector, how-
ever quasi-energetic electrons are measured. The collector is
baised at -2 volts. The sensor in OGO IV is similar to the ion
trap described above and is operated in an electron and ion mode
alternately by suitably changing the voltages on the various
grids and collector.

Figure la shows a typical computer output plot of electron

trap current versus retarding voltage taken during daytime (Pass

229 of Explorer XXXI over Fort Myers). The details of this



measurement and the following measurements are given in Table 1.
The slope of the I-V curve 1is a measure of electron temperature
and the current at the 'break'point is related to the electron
density, It may be noticed from the figure that in the re-
tarding region the current exhibits a 'tail' instead of a
steadily decreasing current with higher negative voltages
consistent with retardation of thermal electrons. From the
evidence given below, this background tail current recorded at
locations with L values less than about 4 is interpreted as

that due to non-local photoelectrons streaming along the geo-
magnetic field lines.

First, the background current in the negative voltage
region is not due to the collection of ions since the collector
is biased at +25 volts and also because the polarity of the
current shows that it is an electron current. Second, it is
not due to direct photoemission from the grids since the sensor
was directed away from the sun during this measurement. Thus
the tail current is due to quasi-energetic electrons whose
origin is external to the sensor.

Fig. 1b shows the ion trap current curves obtained during
the same period as in Fig. la. It is found that the reverse
current (indicated by A, B, C, D) corresponds to the background
current in the electron trap. This reverse current is interpreted
as that due to energetic photoelectrons having energies above

15 ev since they have to pass through the G3 grid at -15 volts.



On examining the various curves at night it is found that
there is very low tail current whenever sunlight is not incident
on the ionosphere at about the 300 km level which is connected
to the satellite location thrbugh geomagnetic field lines. The
sequence of observations (Pass 510 over Kano) made at the time
of sunrise illustrate this point. At the beginning of the
sequence (0420 UT) the satellite was at 2098 km and the ionosphere
at 300 km level at the base of the geomagnetic field line is in
darkness. The background current is at the lowest recordable

level of 1.2-2.3x10 11

amps (Fig. 2a). As the satellite moved
northword the base of the intercepted field line moved southward
in the conjugate ionosphere where solar rays are incident and
consequently there is an increase in the background current level.
The current increased from 1.2*2;3x16;11amps to 6.0—8.0x10_11amps
as the solar zenith angle ¥ at 300 km level of the intercepted
field lines changed from 102° to 91°. The other end of the field
line which is in the northern hemisphere is always in darkness.
It is also found that the reverse current in the ion trap increased
from 0.7-2.Ox10_11amps(Fig. 2b) to 2—3x10—11ampscorresponding
to the increase in tail current in the e1ectron trap.

Observations for Pass 570 over South Atlantic illustrate
the measurements at the time of sunrise in the same hemisphere.

The background current decreasedwfroﬁ'3.5-6.0x10—11amps to

102—2,3x10_11amps as ¥ at 300 km varied from 97° to 104°.



Observations for Pass 2261 over Winkfield illustrate the
measurements at the time of sunset in the same hemisphere.
The background current decreased from 4f5—6.0x10-11amps to

1.2x10 11

amps as the ¥ changed from 95° to 1050.

We have also observed similar background current variation
on the electron trap measurements made on OGO 1IV. (Due to large
negative vehicle potentials and limited sweep voltage range, re-
verse currents could not be observed in the ion current mode.)
The measurements made on 27 August 1967 illustrate this effect
at sunrise. It may be noticed that the flux started increasing
earlier i.e. at larger values of x=1120 in this case. It may be

partly due to high solar activity (S is 170 units compared

10.7
to 80 units for January 1966 passes). Similar solar activity
effect was observed by Carlson and Weill (1968) in the pre-
dawn enhancement of GBOOA)airglow and also in electron temperature.
They observed a shift of 12° in % over the solar cycle.

On examining the background current of the electron trap
of Explorer XXXI for different times after sunrise, it is
found that a maximum level of about 20x10_11amps is reached by
the time ¥ reaches about 600. This current corresponds to an
omni-directional flux of about 2.5x108e1/cm2/sec. This is, in
fact, an average value of flux, since in reality the flux varies
with direction due to pitch angle dependence. The flux value

given by the ion trap for electrons of energy greater than 15 ev

7
is 5x10 el/cmz/sec° But these two values cannot be directly



compared for spectral distribution as the geometries of electron
and ion traps are somewhat different. However, some information
on the spectral distribution of the photoelectron flux may be
obtained from the measurements made by the quasi-energetic
electron retarding potential sensor aboard Explorer XXXI. It
consists of a grounded aperture grid, a retarding grid receiving
voltages of from -0.5 to -200V in 16 steps, a screen grid and
target. These measurements taken at the corresponding times

of passes listed in Table I indicate similar results for sunrise
and sunset effects. The measured currents at comparable voltages
are slightly different from the other two sensors due to different
spacing between grids and effective collection area. This sensor,
with approximately 60° solid angle opening, has also recorded
variation of flux by a factor of 2 as the angle between sensor
normal and magnetic field varied due to the satellite spin.

This variation may be the result of some pitch angle dependence
of photoelectrons. From these fluxes measured at different
threshold energies spectral distribution is obtained for Pass

229 over Ft. Myers (Figure 3) which shows a broad maximum around
5-10 ev electrons. The flux of 25 ev electrons is about % of
5-10 ev electrons. At night the currents observed with this
sensor (2x10—11amps) are almost the same as those observed with
electron probe (1.2—2.3x10—11amps) and it exhibits very little

spectral distribution indicating the absence of photoelectrons.



Recently Nisbet (1968) has made a detailed theoretical
investigation on the photoelectron escape from the ionosphere.
According to his calculations the total upward photoelectron

8

flux leaving the ionosphere is about 3x10 el/cmz/sec for solar

minimum for electrons having energies greater than 5 ev. These

8el/cmz/sec

estimates are close to the present observations of 2.5x10
at heights of about 1000 km. The spectral distribution theoretically
calculated by Nisbet indicates a peak around 10ev while the
present observations show a broad peak around 5-10 ev.

As these satellites cover a wide range of altitudes
and latitudes at different times, more information on the flux
under different conditions is expected from the data which is

now being studied. These further results will be reported

later.



REFERENCES

Carlson, H. C., Ionospheric heating by magnetic conjugate

peint photo-electrons, J. Geophys. Res., 71, 195-199,
1966.

Carlson, H. C., and G. M. Weill, Solar cycle variation of
conjugate photoelectron flux onset timing deduced from
6300A° and T, observations, Ann. Geophys., 24, 569-572,
1968.

Cole, K. D., The predawn enhancement of 6300A° airglow,
Ann. Geophys., 21, 156-158, 1965.

Hanson, W. B., Electron temperatures in the upper atmosphere,
Space Research III, edited by W. Priester, pp. 282-302,
North Holland Publishing Company, Amsterdam, 1963.

Nisbet, J. S., Photoelectron escape from the ionosphere,
J. Atmospheric Terrest. Phys., 30, 1257-1278, 1968.



0°0I-L,"8 8-. 131 96 8L°T L06 181~ 2b- LPEO LETIT
0°G6-L"¢ ¥-¢ 921 111 Gz'T 0.8 8e1- €2- €¥€0 1£81
AI-090 g 0'gc 631 611 g1'1T <28 21— 8- 6££0 L3B3T L9/L3/80 ov¥
ST T LST SOt €¥°¢ 0968 ¥- Oy 802% £33%
6°2-S°T €°%-2°'T 2SI 00T G6°% 0263 - Sv 1032 03%2
IXXX
Toxordxy §°L-9°G 0°9-S'%  GFI G6 GL°'E €983 G°'9- 08 TISIZ LT%Z 99/L0/90 192%
6°2-S'T €°%-3'T 90T 9¢e1 LE'T 1291 99- 12— ¥%0€0 0%LO
6°%3-S°'T €°'83-¢'T ¥0T 6€1 PP°T  89PI L9~  ¥E- LG%0 LELO
IXXX
xoxordxy S°L-F'F 0°9-S°€ L6 eVl 28T 2ZSTI gL—- 0S- GEZO0 gEL0 99/91/10 0L¢
0°0T-S"L 0°8-0'9 16 44 $S°1 2S¥2 0°0 1z 61%0 LZ¥0
G'2-9°¢ 0°9-S'F G6 921 PP°1 0€€% G°0- 0°ST $IFO SC¥O0
6°2-S°1 €°%-2'T 2ol o€t 9¢°'T 8603 G'I- 0°% 90%0 02%0 99/1T1/10 OIS
IXXX
JoxoTdxy GZ-S° 23T 0Z-8T LS 98 LL°T €9%I 9- 0Z 8TLO0 63IT S9/81/%31 6232
Aomm\ (sdue  yanog y3JI0N wi T In
syIeway /19 omxv T1-91%) auTr| 7  "3Y3TH © r3uoTl -le] oWIL] o3eQ °'ON SSsed
Lxnta 71 PISOTI JO ToAoT ,
wy 00g e X

T FTIVL



CURRENT

0.10E-05

0.50E-06

B1 DATA

0.10E-06

T
MMODHHMMSS
1218112853

0.50E-07

T V1T

Ll L iitl

0.10E-07
0.50E-08

T T1TTTTH

0.10E-08

Doan
Lot it

[
mm.m
am,
I

0.50E-09

¢

0.10E-09

B
L i1l

L
o

0.50E-10

0.10E-10

|

-50 -40 -30 -20 -10 00 1.0 20 3.0

GRID VOLTAGE

Figure la. Electron trap I-V curve obtained during daytime

showing background tail current in the negative

voltage region.
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Figure 1b. Ion trap I-V curve obtained ‘during daytime corresponding
' to Fig. la showing reverse (electron) current (indicated
by A, B, C, D). ‘
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Figure 2a. Electron trap I-V curve obtained during night showing
minimum background current in the negative voltage

region.
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Figure 2b. Ion trap I-V curve obtained during night corresponding

to Fig. 2a showing very low reverse (electron) current.
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Figure 3 Spectral distribution of photoelectron flux.



